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NATIONAL ADVISOKY CCX&UTEE FOR AERONAUTICS - 
FU?SEARCH MEMORANDUM 
LOW-SPEED MEASURFSIENTS OF ROILING AND YAWING STABILITY 
DERIVATIVES OF A 60° D E L T A - m G  MODEL 
By Joseph  L.  Johnson, JY. 
An investigation has been. made in the  Langley  free-flight  tunnel  to 
determine  the  law-speed  rolling  and y wfng stability  derivatives of a 
600 delta-wing  model from 0' to 300 angle of attack.  The  derivatives  were 
measured  by  the  free-to-damp  oscillation  technique a d by  the steady-roll 
technique.  The  results of the  investigation showed that  the  damping-in- 
yaw parameter Gr - determined from free-to-damp oscillation tests 
was much larger in the  high  angle-of-attack range than the value of the 
damping-in-yaw  parameter Gr determined for a similar model by  the 
yawing-flow  technique.  The  damping-in-roll  parameter 12% decreased 
with  increasing  angle of attack and became  approximately  zero  at an 
angle  of  attack  of 30'. 
B 
INTRODU(;SCIOW 
Results of recent  unpublished  lateral  stability  calculatfons  based 
on semiempirical  estFmates of the  stability  derivatives  have  indicated 
considerable  differences in the dynarnic lateral  stability  characteristics 
f r o m  those  determined from flight  tests of airplanes  with  highly  swept 
wings.  The  difference  between  the  experfmental and calculated  results 
is  believed  to  be  caused  by  possible  lnaccuracies in the  estimated  values 
of some of the  yawing  and  rolling  stability  derivatives  used in th  cal- 
culations.  Because of the  need for such information, tests  have  been 
made  to  measure some of the  rolling  and  yawing  st&ility  derivatives of 
a model  representative of a jet-propelled,  fighter-type  airplane  with 
600 delta  wing  and  tail  surfaces. 
The  present  investigation  consisted of f'ree-to-damp oscillatfon 
tests to determine the clamgin@;-in-yaw derivative kr - and 
daurping-in-roll  derivative  Czp  over an angle-of-attack  range from Oo 
to 30’. A few  steady-roll  tests  were a l s o  made  to  determine Cb and 
the ya.wtng-moment-due-to-rolling derivative Cnp. In addition, free- 
to-damp oscillation  tests  were  made  to  determine  the  effect on the 
damping in  yaw of leading-edge  slats. 
SYMBOLS 
Unless  otherwise  noted,  all  stability  parameters  and  coefficients 
are  referred  to  the  stability  system of axes  originating  at a center-of- 
gravity  position of 30 percent of the  mean  aerodynamic  chord an located 
on  the  longitudinal body axis.  (See  fig. 1.) 
S wing area, sq ft 
- 
C mean  erodynamic  chord, ft 
v airspeed,  ft/sec
c 
b wing  span, ft
9 aynamic  pressure, lb/sq ft 
P air density,  slug/cu f’t 
B angle of sideelip, deg 
e angle of yaw,  deg 
er angle  of bank, deg 
U angle  ofattack,  deg 
e angle of pitch, deg; 8 = u when lf and 9 are zero 
X longitudinal  force, lb 
Y lateral  force, lb 
Z normal force,  lb
M pitching  moment, lb-ft 
N yawing  moment,  lb-ft 
3 
f 
L ro l l i ng  moment, lb-It  
CL lift coefficient,  Lift/@ 
CD drag coefficient,  Drag/@ 
C;m pitching-moment  coefficient Pitching moment/qSE 
cy lateral-force  coefficient, Lateral force/qS 
cn yawing-moment  coefficient Yawing moment/qSb 
C2 rollfng-moment  coefficient, R o l l i n g  mment/qSb 
c = -  per radian 2P 
c P rolling angular velocity,  radians/sec 
r yauing angular velocity,  radians/sec 
-A 
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i rate of change of angle of sideslip, radians/sec 
'e elevator  deflection  perpendicular  to  hinge  line  (elevons deflected  together  for  elevator  control),  deg 
APPARATUS AND MODEL 
The  free-to-damp  oscillation  tests  were  made in th  Langley free- 
flight  tunnel  on a oscillation  apparatus  which  permitted  the  model  to 
have only  one  degree of freedom  at a time - either  flreedom  in y-aw or 
fkeedom in roll. For  the  steady  roll  force  tests, an internal  strain- 
gage  balance  was  used to record  the  forces  and  moments  as  the  model wa6
forced  to r o l l  at a constant  rate.  The  test  apparatus  used in this 
investigation was the  same  as  that  used in reference 1 except for a 
modification  which  permitted  tests  in  thiLs  investigation  about  the  sta- 
bility  axes  instead of the  body  axes. "his modification  consisted of a 
circular  track  to  which was attached  the &el and  sting.  The  attach- 
ment  point  of  the  sting o the  track  was  adjustable  to  allow  for  changes 
in  angle of attack. A drawing  of  the  model  and  test  apparatus  used in
this  investigation  is  shown  in  figure 2 and a general  description of the 
oscillation  apparatus  is  given  in  reference 1. 
A three-view drawing of  the model used in the  investigation  is pre- 
sented  in  figure 3 and  the  dimensional  characteristics of the  model are 
given In table I. The d e l  has a 600 delta  wing of aspect  ratio 2.2 
and a 60° delta  vertical  tail. 
TFSTS 
Free-to-damp  oscillation  tests  were  made by the  method  described  in 
reference 1 to  determine  the  values of the  damping-in-yaw  and  damping-in- 
roll  parameters over an angle-of-attack  range *om Oo to 30' for  the  model 
with  vertical  tail  off  and  on. A few  steady-roll  tests  were also made  to 
determine  CzP  and  Cnp  over  the  angle-of-attack range for the  model  with 
vertical  tail off and  on. In addition,  free-to-damp  oscillation  tests  were 
made to determine  the  effect  on  damping in ;yaw of leading-edge  slats. Al 
the  oscillation  tests  were  made at  a frequency of about 1 cycle  per  second. 
A l l  the  tests  were  made  at a dynamic  pressure  of 3.80 pounds  per 
square  foot  which  corresponds to an airspeed  of  approximately 57.3 feet 
per  second  and  to  an  effective  Reynolds  number of 850,000 based on the 
mean aerodynamic  chord  of 2 3 2  feet. 
No attempt  was  made  in  this  investigation  to  determine  the  effect 
of  frequency  or  changes in amplitude of the  oscillation on the  lateral 
damping. For all  the  oscillation  tests  the  model was displaced  in  yaw 
or roll  about 300 before  being  released and allowed  to clamp to Oo q l i -  
tude. The envelopes of the  oscillations  were  plotted on semilogarithmic 
paper and were  found  to  be  fairly  linear  through  the  amglltude  range 
investigated  except  for small amplitudes  where  the  tunnel  turbulence 
caused  the  dsta  to  be  erratic.  Because  of  the  nonlinearity of the data 
at  the  small  amplitudes,  the  logarithmic  decrements  or damping factors 
used  to  determine  the  damping  derivatives of this  investigation  were 
obtained from the  slope of the  envelope  curves  for  amplitudes  above 
approximately f 2 O  or *3O. 
RESULTS AND DISCUSSION 
For the  convenience of the  reader,  static  data re presented in 
figures 4 and 5. The data of figure 4 show the  static  longitudinal 
characteristics of the  model in the  clean  configuration. The data of 
figure 5 show the  static-  lateral  stability  parameters  for the model with 
leading-edge  slats  off  and o  and with  the  vertical  tail  off  and on. 
Damping in Yaw 
Clean  configuration.-  The  results  of  the  free-to-damp  oscillation 
tests  in yaw presented in figure  6(a)  show  that  the  model in the  clean 
configuration had positive  damping y a w  (negative  value of Cnr - C+) 
at an angle  of  attack of Oo and  that  the damping increased  rapidly  with 
increasing  angle  of  attack.  The  damping in yaw contributed by the  ver- 
tical  tail was about  constant over the low and  moderate  angle-of-attack 
range.  At an angle of attack  of 300, however,  the  tail  contribution 
was almost  twice  that  at l o w  angles of attack. Also, presented in fig- 
ure 6(a) are values of Cnr From reference 2 determined by  the yawing- 
f l o w  technique for a 60° delta-wing  model simihr in some respects  to 
the  subject  model.  At  the  higher  angles  of  attack  the d u e s  of I&, 
are  much  lower  than  the  values of Cnr - Crib. These results appear to 
be s h i l a r  to  unpublished  results obtained in  the  Langley  stability 
tunnel on a model  having a 45O sweptback w i n g  where it  was found that 
angles  of  attack  than  Cnr - Cnfj determined f r o m  osciUation tests. 
*. kr determined f r o m  yawing-flow tests was much lower at the higher 
pi 
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The rapid  increase in Cnr - Cnj  for  the  wing-fuselage  combination 
at  the  high  angles  of  attack  is  not  completely  understood  but  it  is 
believed  to  be  associated  with  the  rapid  increase  st tic  directional 
instability  of  the  wing-fuselage  combination  (fig. 5). It  is  possible 
that,  because  of  the  lag  in  the  buildup  and  decay of th   load  on  the 
wlng as  the  model  oscillates  in yaw, large  positive values of  Cnj 
(increased  damping) might be  obtained  at  angles  of  attack  where  the 
model has large  negative  values of Cnp. 
The  increase i n  the  tail  contribution  to  Cnr - C 3  at  the  high 
angles  of  attack  is  at  least  partly  attributed  to  the  vortex  flow  over 
the  reax  portion of the  model. Some indication  of  the  physical  nature 
of  this  vortex  flow  is  shown  in  the  tuft-grid  studies of reference 3. 
These  studies  showed  that a delta-wing  model  oscillating  in yaw had 
trailing  vortices and resulting  sidewash  fields  generally  similar  to 
those found in  tuft-grid  studies  of a model fn static  tests  (ref. 4). 
In both  cases,  the  vortex  flow rd the  leading  wlng  moved  inboard  and 
created a sidewash  over  the  rear  portion  of the model. In the  case  of 
the  oscillation  tests,  this  sidewash  lagged  behind  the  motion of the 
model so that  at any instant  the  vertical  tail was at a higher  angle of 
attack  than  it  would  have  been  with  no  eidewash  present.  The  resulting 
increase  in  the  contribution of the  vertical  tail  to  the  damping in yaw 
is represented  by  the  term  C+. 
Unpublished  lateral  stability  calculations made for the 60° delta- 
wing  model  indicated an unstable  Dutch rol l  oscillation at high  angles 
of attack.  When  these  calculations were repeated  using  the  measured 
values of Cn, - C n i  shown in  figure 6 instead of the  much  smeller 
estinasted values of Gr, the calculated  Dutch roll oscillation was  
stable  at  a11  angles of attack.  These  results  emphasize  the  necessity 
for  using  the  oscillation  damping-in-yaw  parameter  for  calculations  of 
Dutch roll stability,  particularly  at  high  angles of attack  where  the 
term Crib becomes large. 
Slats On. - The  data of f igwe 6(b) show  that  the  addition of the 
leadiW-edge slats to  the  model  with  vertical  tail  off  had  little  effect 
on the  damping-in-yaw  parameter.  For  the  vertical  tail-on  configuration, 
however,  the  addition f the  slats  reduced  the  damping in yaw at  the 
higher  angles  of  attack to the  extent  that  the  model was more  heavily 
w e d  with  vertical  tail  off  than  vertical  tail on. 
Damping  in R o l l  
The  results of steady-roll tests to determine  CzP and C, are P 
presented  in  figure  7(a)  and  the  results  of free-to-damp oscillation 
0 
c 
t e s t s   t o  determine are  presented i n  figure 7(b). !Be Czp data 
from the two types of t e s t s  are in good agreement and show a gradual 
decrease i n  damping i n  r o l l  with increasing angle of attack. A t  the 
highest angles of attack, the tail-on configuration had s l ight ly  less 
damping i n   r o l l  than the tail-off configuration. 
czP 
The model had very l o w  d u e s  of  Gp over the l o w  and moderate 
angle-of-attack range with the  ver t ica l  t a i l  off or on. In the hfgher 
angle-of-attack range, Cnp with t a i l  off  increased rapidly to large 
negative values and there was'also a large ne-tive increment contributed 
by the ve r t i ca l   t a i l .  
I n  f l ight  t e s t s  of the 60° delta-wing &del in the Langiey free- 
flight tunnel the observed damping-in-roll characteristics of the model 
a t  high angles of attack appeared t o  be good - a result which, a t  first 
glance, appeared t o  be i n  disagreement with the Czp data of figure 7. 
This apparent discrepancy can be explained by the danrping-in-roll data 
for  this sans model masured about the body axis whlch i s  presented i n  
reference 1. These data are shown i n  figwe 8, together w i t h  the data 
measured about the s t ab i l i t y  axis from figure 7. With increasing angle 
of  attack the damping i n  r o l l  measured about the body axis increased 
rather than decreased and, a t  an angle of attack of SO0, the damping i n  
r o l l  was about twice as large as that a t  angle of attack. This --.-.I 
increase  in damping w i t h  increasing angle of attack  csn be par t ly  
explained by using Cnr - Cni instead of kr in the geometrical rela- 
tionship of reference 5 f o r  transferring rotary derivatives from the . " /  
s tab i l i ty  axes to the bcdy axes. A large part of this increase i n  
damping, however, appears to be associated w i t h  the  fact  that angular 
displacements i n  r o l l  about the body axis produce sideslipping. As the 
model osci l la tes   in  r o l l ,  the lag in the buildup o r  decay of the ro l l i ng  
moment on the wing probably produces additional w i n g  in r o l l  which 
is represented by the term C z i  sin 8 .  (See ref. 1.) This variation 
of C z p  + C z b  s in  8 with angle of attack appears to be in  much better 
agreement w i t h  the   pi lots '  impressions of the damping i n  r o l l  of the 
model in the flight tes t s .  Analysis indicates that this is  a logical 
result since  the  pilots '  impressions of the w i n g  i n  r o l l  at high 
angles of attack always appears t o  be obtained from the rol l ing motions 
about the body axis rather than the stability axis. It i s  believed that 
this result win also apply fo r  the  full-scale  airplane in that the pilot 
w i l l  sense the damping i n   r o l l  about the body axis rather than the  sta- 
b i l i ty   ax is .  
An investigation has been conducted in the Langley free-fl ight tun- 
nel  t o  determine the low-speed rol l ing and yawing stabil i ty  derivatives 
of a 60° delta-wing  model.  The  regults of the  investigation  showed  that 
the  damping-in-yaw  parameter Cnr - Cni  determined from free-to-damp 
oscillation  tests  was  much larger in the high  angle-of-attack  range than 
the  value of the  damping--in-yaw  parameter Cnr determined  for a si&- 
lar model  by  the  yawing-flow  technique.  The  damping-in-roll  param- 
eter CzP decreased  with  increasing  angle of attack and became  approxi- 
mately zero  at an angle of attack of 300. 
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National  Advisory  Committee  for  Aeronautics, 
hngley Field, Va., July 7, 1B4 .  
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TABLE I . . DIMEMSIONAL CHARACTERISTICS OF TBE 60' DELTA-WING 
w i n g  : 
Airfoil  . . . . . . . . . . . . . . . . . . .  NACA 0004-65 modified 
k e a .  sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  6.6150 span. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  3.813 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . .  2.198 
Root chord. f t  . . . . . . . . . . . . . . . . . . . . . .  3.469 
E. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.322 Tip chord. f t  . . . . . . . . . . . . . . . . . . . . . . .  0 
Longitudinal distance from leading-edge root chord t o  
leading edge of 'E. f t  . . . . . . . . . . . . . . . . . .  1.101 
Sweepback of  leading edge.  d g . . . . . . . . . . . . . .  60 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . .  0 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . .  0 
Sweepforward of t r a i l i ng  edge. deg . . . . . . . . . . . .  5 
Slats : 
Span. percent wing  span (two) . . . . . . . . . . . . . . .  31-7 
Chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.136 
Elevons : 
Area behind hinge line. . percent wing area (two) . . . . . .  10.12 
span. percent wing span (two) . . . . . . . . . . . . . . .  69. 0 
Root chord. f t  . . . . . . . . . . . . . . . . . . . . . .  0.315 
Tipchord. ft . . . . . . . . . . . . . . . . . . . . . . .  0.204 
Vertical tail: 
A i r f o i l  section . . . . . . . . . . . . . . .  NACA 0004-65 modified 
kea. sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  0.682 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.866 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  1.10 
Sweepback of leading edge.  d g . . . . . . . . . . . . . . .  60 
Longitudinal distance from center-of-gravLty location 
t o  center of pressure of ver t ical  tail. f t  . . . . . . .  1.26 
10 
X 
Wmd djrectlon 
Wlnd drectlon f 
z 
Figure 1.- The stability system of axes. Arrows indicate positive direc- 
tions of moments, forces, and angles. This system of axes is  defined - 
as  an orthogonal system having the origin at the center of  gravity and 
in  which the Z-axis i s  in   the  plane of symmetry and perpendicular t o  
the relative wind, the X-axis i s  in   the pxane of symmetry and perpendi- 
cular t o  the Z-axis, and the Y-axis i s  perpendicular t o  the plane of 
symmetry. A t  a constant angle of attmk, these axes are fixed in the 
airplane. - 
.. 
'. 
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Figure 3. -  Three-view drawing of the model tested i n  the Langley free- 
flight tunnel. Al dimensions &re i n  inches. 
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Figure 4.- Longitudinal characteristics of the model. Se = Oo. - 
... . . 
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Figure 5.- Static lateral  stability parameters of the model. Derivatives determined as follows: 
(G) p=20 - (qp-20 (".> p=100 - (c.1 p=-100 
Gnp = 4 I Cnp = 20 , etc. 
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Figure 6.- Damping-in-yaw derivatives. S, = Oo. 
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(b) Data From free-to-damp oscilletion tes ts .  
Figure 7.- RoUlng stability derivatives of %he &el. 6, = 0’. 
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Figure 8.- Camparison of the damping-in-roll derivatives measured about 
the s tab i l i ty  and body axes. Body-axis data from reference 1. 
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